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Coulomb dissociation of ®Li in the field of 2®Pb at different energies via resonance and continuum
levels is discussed in detail. Relations are given which can be used to directly relate the Coulomb
breakup cross section to the astrophysical S factor. Predictions for energy dependence and angular
distributions are given. The direct Coulomb breakup of ®Li is found to be of the same order of mag-
nitude as the sequential breakup at higher projectile energies. The effect to elastic scattering can be
accounted for by introducing a dynamic polarization potential.

I. INTRODUCTION

Breakup processes of nuclear projectiles under the
influence of the differential Coulomb field of heavy nuclei
are of considerable interest since they provide informa-
tion on electromagnetically induced interactions of the
projectile constituents."?> Experimentally, the situation
of pure Coulomb breakup can be realized either by
scattering at energies below the Coulomb barrier or, at
higher energies for collisions with small deflection angles
guaranteeing sufficiently large impact parameters beyond
the range of the nuclear interaction. The latter approach
has recently been analyzed>* demonstrating interesting
possibilities for studies of astrophysical aspects. The
breakup may result either from Coulomb transitions to
free continuum states of the fragments or from transi-
tions via resonance states above the breakup threshold,
followed by a subsequent disintegration into fragments.
This (resonant) sequential breakup has been found to be
dominant at lower projectile energies,>® while the extent
to which a “two-step mechanism” contributes at higher
energies is not extensively studied. Experimental obser-
vations of the SLi—a+d breakup at projectile energies
of 10-30 MeV/amu (Refs. 7-11) seem to indicate that in
these cases also, a considerable fraction of the Coulomb
breakup cross section has to be attributed to sequential
processes via resonant states in L4, in particular via the
first excited state at E, (I"=3%)=2.19 MeV. Neverthe-
less, the investigation of the direct Coulomb breakup
mode'? appears to be interesting. While sequential pro-
cesses are expected to be well described such as Coulomb
excitations of bound states'® with the lifetime of the reso-
nances larger than the collision time, the direct process
involves energy-dependent transition matrix elements
into the continuum of the fragment states, distorted by
the Coulomb field present at the breakup point. We may
expect that for energetic particles the internal distortion
of the relative system of the fragments is small. Indeed,
with this assumption Coulomb breakup reactions of Li
have recently been fairly well described!*!* by using the
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formalism of Coulomb excitation of quasibound states;
i.e., for cases where the actual excitation region and the
breakup point are rather distant from each other, the
latter far away from the field of the target nucleus.

A reliable and sufficiently accurate theoretical descrip-
tion of experimentally observed direct Coulomb breakup
processes would provide an interesting access to those
nuclear transition matrix elements which also determine
the time-reversed process of breakup, the fusion of the
fragments to the projectile nucleus at very low relative
energies. In fact, such studies would enable an experi-
mental extension and an important check of the critical
ingredients of capture reaction studies at astrophysical
energies.>* 14

In context of current experimental investigations®~
of Coulomb dissociation of 156 MeV °Li ions, the present
paper explores various features of Coulomb breakup from
a theoretical point of view on the basis of a distorted-
wave Born approximation (DWBA) approach and a semi-
classical approach to the process. The case of SLi is of
particular interest, since studies of the d(a,y) ®Li cap-
ture cross section!® provide independent information on
the electromagnetic transition probabilities for relative
energies above 1 MeV, in addition to the B(E2,1* —3%)
value!” for the resonance transition at E,;=0.71 MeV.
Furthermore, the °Li case is governed by an electromag-
netic quadrupole transition, which turns out to be
enhanced in the breakup process'®!® and leads to com-
paratively large cross sections. We study the specific case
of

10

*Li+ 4 —»a+d+ 4 (1.1)
in some detail to understand various sensitivities of the
cross section.

We evaluate the energy dependence and the angular
distribution of the breakup of °Li scattered off 2°*Pb via
the resonant and continuum states and give relations
which relate the breakup cross section with the astro-
physical S factor.
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II. THEORETICAL CONCEPT

There are various attempts to describe breakup pro-
cesses.?%~2> The most elaborate theory accounting for
the absorption and the distortion by the nuclear field is
the post-form DWBA theory worked out by Baur et
al.?>?} The theory rests upon a zero-range approximation
which constrains the internal momentum distribution of
the cluster fragments to a Lorentzian shape with parame-
ter values fixed by the binding energy. Even though the
square of the momentum-space wave function of ®Li does
not have this shape, the differences between different
types of relative motion wave functions are not very
strongly developed in the region of small relative momen-
ta k <0.3 fm~!. Thus even with a zero-range approxi-
mation, the post-form DWBA should be applicable to
those cases of the Coulomb breakup where the other im-
portant assumption of the post-form DWBA theory,
namely, the neglibility of the final-state interaction be-
tween the fragments, remains valid. This would happen,
obviously, for cases involving high relative energies of the
fragments, which, however, are not favored by Coulomb
processes. However, cases involving low relative energies
are especially favored by Coulomb excitation processes
due to the condition of adiabaticity, but for these cases
the neglect of the final-state interaction between the frag-
ments cannot be justified.

Thus, at lower relative energies, due to the increased
importance of the interaction of fragments in the final
state, the (elastic) breakup of the projectile a into the
fragments b and x may be considered as a quasisequential
process

a+A—a*+A—-b+x+ A 2.1)

represented by the prevailing prior-form DWBA transi-
tion amplitude?!

T=(XG (RIG | Ups + Upp — U | XgT (RIS, )
2.2)

which is better suited for the studies of the Coulomb dis-
sociation of light ions.?® It is worthwhile to recall here
that the above T matrix does not provide a good descrip-
tion of the nuclear breakup when the relative energy of
the fragments is small, and hence, in the present work we
make a special effort to apply it to only those cases where
the Coulomb breakup dominates. Here

X5 (R)

d’ogy 4Zre)? uQr ppk

dQ d0de  fw(QL+17 #  QmR

X

Zye

a

FEATURES OF DIRECT AND SEQUENTIAL COULOMB. ..

L

2149

and
Xgr(R)

denote the center-of-mass motion of the initial and the
final state with the momenta Q; and Q, respectively.
The wave functions ¢,(r) and ¢, (—)(r) represent the
ground state and the continuum (‘“excited”) state of the
relative motion of the projectile. When the fragments b
and x are observed with the momenta k, and k,, the mo-
menta are given by

szkb +kx ’ (2.33)
m
k=—rk,——k, . (2.3b)
ma ma

In the case of a pure sequential process ¢, is a reso-
nance state having a substantial overlap with ground-
state wave function, but the same matrix element is also
expected to describe nonresonant breakup processes
when adequate wave functions for the continuum are in-
troduced.

Assuming point-charge distributions for the constitu-
ent projectile clusters, the residual Coulomb interaction
for R >ris

V=Zre? Zi+Z‘—Z" 2.4)
res — “~T rb r, R .
L L
mx my
=477-ZTe2 >, Z, |— Z, —]
LM>1 a my
rk 1
——-Y/,(R)Y .
XRL+1 2L +1 LM( ) LM(r)
(2.5)

The cross section for the breakup of the projectile, when
the center-of-mass wave vector of the fragments lies be-
tween Q, and Q;+dQy, the relative motion wave vector
lies between k and k+dk, and the spin orientations are
unspecified, is given by?’
do=2T0L+1)"! 3 |T|Zigf—diS(E,.—E,),

fiv M,-Mf (27)

(2.6)
which yields for Lth multipole

m. 1512
ma

xL+1)"''3 -’Z(¢§("(r)|rLYLM(r)|¢a(r)>(X§{f’(R)|R‘L“1-Y{M(R)[X(Q:”(R)) 2@
MMf M

where v is the velocity of the projectile in the center-of-mass system. The fragments have a relative energy between &
and €+de and the rest of the symbols have their usual meaning. Performing the d ), integration and using the angular
momentum algebra®® we get
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This can be rewritten to give the Coulomb dissociation
cross section
2

d%o
2 YEL .d "2L+2.B(EL ¢)

dQde

Zre
fiv

dfeL
aQ

(2.9)

where we have dropped the subscript Q; from the solid
angle into which the center of mass of the fragmented
projectile is scattered. Additionally, we have defined d as
half the distance of minimum approach,

Z,-Zy-e?
- 2E

and B(EL,e) is the reduced transition probability per
unit energy for the transition from the bound (ground)
state of the projectile to the continuum state for the tran-
sition having the multipolarity 2%,

Z e
b _ma
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B(EL,e)= e

a

(2.11)

where the factor [,k /(27)*-#] ensures the energy nor-
malization of the final-state wave function ¢,. The initial
and the final states have spins (I;,M;) and (I,,M), re-
spectively. The Coulomb excitation function

dfgL
dQ ’
is given by?®

dfeL 40,0,

dQ (2L +1)}

_dZL—Z

X3, (X (R R 1%, (R) | X5 (R)) [
M

(2.12)

The reduced transition probability per unit energy
B(EL,I;—1,¢) relevant for our case is related to the
transition probability B ,,(EL,I,—I;,e) for capture
from the state |I,M f) with relative energy €, to the
ground state | I;M;) by

25 2L +1)

Iy Ipye) =T
Bcap(EL f_)II 8) ,-bes (21f+1)

B(EL,I,—~I,¢),

(2.13)

where the capture cross section is given by?’
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BELOS, (X (R)| R ™E71Y,,,(R) | XG5 (R)) 2

(2.8)
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where E, (=7k,c) is the energy of the gamma ray emit-
ted after the capture. Noting that the capture cross sec-
tion for low relative energies is related to the astrophysi-
cal S factor by

2mm Z,Z, e*
S(e)=g-0,,(e)e™, 17=W, (2.15)
W€ may express
LQ2L +1)1? 2I,+1)
B(EL,I,—1I,e)=
ELLi—=Ipe)="g T 1) (L+1)
o —2m
% Hox  S(e)-e 2.16)

=

in units of fm?2 !, which can be converted for normal
units (of efm?2/MeV) by dividing it by e2.

The reduced transition probability in the case of a nar-
row resonance is obtained by the integration

B(EL,Ii—>If)=fR B(EL,e)de ,
es

2L +1
kY

(2.17)

while the reduced transition probability for the continu-
um transition with unspecified spins is analogously
defined as

B(EL,cont)=3 [ B(EL,e)de . (2.18)
1
S

cont

In order to obtain a reliable estimate of the angle in-
tegrated Coulomb dissociation cross section, we realize
that such trajectories which lead to distances less than
the sum of the two nuclear radii, will be strongly ab-
sorbed, and those which stay clear of this distance will
feel only the Coulomb interaction. Thus semiclassically,
one can obtain the pure Coulomb dissociation cross sec-
tion of the projectile by integrating the differential cross
section up to the angle 6, (Refs. 28 and 30) where

. 6. 1
Sin—== 2E/Ep—1 (2.19)
and
Eg=Z,Zr-¢*/R, (2.20)
with
Rou=1.36(4,7+ A417)+0.5 . 2.21)

For comparison the reaction cross section oy for



nucleus-nucleus collisions can be estimated as

E
op=mRY [1-— |, (2.22)

which has been found to give a good description of the
experimental data with the choice (2.21) of R,,.’! These
semiclassical relations can be translated to the quantum-
mechanical description by introducing a lower cutoff?®
172
21;
QiRcut

of the orbital angular momentum in a partial-wave ex-
pansion for dfg; /d above.

We have found that for the cases to be reported later,
the semiclassical and the quantal descriptions of the
Coulomb-excitation function dfy, /d{} agree to better
than 0.5%. The energy-differential Coulomb-dissociation
cross section is obtained

2
Zre
| 4T BEL )Y,

1

L. =Q;R.y (2.23)

dO'EL
de

(2.24)

where the superscript N over the total Coulomb-
excitation function f2; denotes the nuclear absorption
with

6=9€ deL
N — — .
fEL_fe:o dQ aQ

semiclassically, and

(2.25)

N 64> 2 -2
=—" _.00,.d
Te="Tr 19 9
X 3 QL+1Q2L+1)
LL;>L,
L L, L
X1o 0 o lM,;,ff“]z (2.26)

in the corresponding quantum-mechanical description.
In the above

—L—1
ML,.Lf

are the well-known Coulomb-excitation matrix elements
which we evaluate in the well fulfilled WKB approxima-
tion?® due to the lower cutoff L, which limits the angular
momenta to large values.

Now the Coulomb-dissociation cross section is ob-
tained as
2

Zre
T _d_zL+2.fB(EL,£)fng5 .

#iv

OEL= (2.27)

As fg; is a slowly varying function of the adiabaticity
parameter,

§=n;—n; , (2.28)

we can take it out of the integration sign in the above for
narrow resonances, thus writing
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2
Zre

= f; -d " ALB(ELL—I,)fN (&), (2.29)

where the exBerimenta]ly known values of B(EL) (in
units of e*fm?%) can be used.

In order to estimate the relative importance of the
Coulomb-dissociation processes, the nuclear breakup
cross section is evaluated by use of the simple and yet re-
liable Serber model? to get the nonelastic breakup (also
called absorptive stripping) as

Uas=§-RT-RP , (2.30)
where we have taken R as equal to R, and
172
1 2y BE
RP:Z’ a= _ﬁ‘z——- (2.31)

The elastic breakup, due to the nuclear field, which will
automatically be distinguished from the nonelastic break-
up in a coincidence measurement is akin to the “free dis-
sociation” discussed by Glauber’? and its cross section is
given by

o= %(21n2—%)RT-RP (2.32)

~0.590, . (2.33)

The total breakup cross section is then a sum of 0,0,
and the Coulomb breakup cross section.

III. CLASSICAL TRAJECTORY CONSIDERATIONS

In order to isolate the region where the Coulomb pro-
cesses may dominate we have performed classical trajec-
tory calculations for the scattering of the ®Li+2%®Pb sys-
tem at 30, 60, 90, and 156 MeV incident energies, where
the projectile moves under the influence of Coulomb and
nuclear potential, the latter given by>*

R —1.174}17

Vy(R)= —240-
~(R) 0.766

1+exp

’ . (3.1

We give a plot of the deflection functions for the above
cases in Fig. 1. At 30 MeV, the incident °Li ion does not
see the nucleus at all and its motion is governed com-
pletely by the Coulomb field. The other cases describe
the situation above the Coulomb barrier. The most re-
markable feature which emerges from this is the disap-
pearance of the well-pronounced hump in the deflection
function near the Coulomb rainbow angle and onset of
orbiting at an incident angular momentum, very close to
the rainbow “‘partial wave.” This has an important and
beneficial consequence for our study indicating a possibil-
ity to isolate an angular range in breakup experiments as
a ‘“nuclear free zone.” In Table I we have compiled the
angular momentum values leading to certain angles of
scattering along with the corresponding distances of
minimum approach. We see, e.g., that for a scattering of
the center of mass of the projectile to 9° the strong ab-
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TABLE I. Nature of contributions for trajectories leading to a specific scattering angle in °Li+2*Pb
collisions at different energies, in a purely classical calculation.

Scattering angle E I values dmin® Remarks
deg MeV fi fm
9.0 30 219 83.5 Pure Coulomb
60 2 0.3 Absorbed
26 3.2 Absorbed
150 39.8 Pure Coulomb
90 4 0.6 Absorbed
36 42 Absorbed
130 28.6 Pure Coulomb
156 12 1.3 Absorbed
66 7.0 Absorbed
78 13.5 Weakly nuclear
94 15.9 Pure Coulomb
5.0 156 7 0.7 Absorbed
66 7.0 Absorbed
71 12.0 Absorbed
172 27.5 Pure Coulomb
3.0 156 4 0.4 Absorbed
66 7.0 Absorbed
289 45.8 Pure Coulomb

*d min 1S the distance of minimum approach.

sorption by the nucleus would lead to a relatively pure
Coulomb contribution at 30, 60, and 90 MeV, whereas
the data at 156 MeV will not be free from the nuclear
contribution. The data more forward to 5° at 156 MeV
are seen to be free from nuclear contribution. The R,
defined by (2.21) above gives a lower limit of the distance

150

100

| (units of A)

(%)
(=]

FIG. 1. Classical deflection function for °Li+2%*Pb system
under the influence of nuclear and Coulomb potential at 30, 60,
90, and 156 MeV.

of minimum approach beyond which the scattering pro-
cess may be induced only by the Coulomb field.

IV. RESULTS OF MODEL CALCULATIONS

The quantity of fundamental importance in these stud-
ies is the reduced transition probability per unit energy,
which is directly related to the fusion cross section data
[Egs. (2.13)-(2.16)]. It is quite clear that the L =2 transi-
tions will dominate the Coulomb dissociation of
’Li—a+d, and in the following we give results only for
this case. °Li has three well-developed resonances having
L =2,and I"=3%, 2%, and 1" above the particle emis-
sion threshold (see Table II).

In Fig. 2 we have plotted the reduced transition proba-
bility per unit energy as a function of the relative energy
(e) of the a+d system for the above-mentioned reso-
nances and the continuum. For the resonances states we

TABLE II. Reduced electromagnetic transition probabilities
for resonant and continuum levels of ®Li, having excitation en-
ergies E, =€+ 1.47.

I, € r B(E2) Ref.
(MeV) (MeV) (e*fm*)

3t 0.71 =0.02 24. a

2+ 3.05 =0.60 17.14 b

1t 4.03 =~1.00 10.29 b

E,f Continuum 51.66 c

“Reference 18.

®Obtained by using B(E2,I,—I})=(2I;+1)B(E2,I,—~I;)/
(21,4 1), with I, =3 (following Ref. 27).

‘By using Eq. (2.18) including the spectroscopic factor
C2S =0.5 for °Li— a4+ d configuration in the 2S ground state.
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FIG. 2. Reduced transition probability per unit energy for
transitions to continuum levels in the resonance and the non-
resonant regions for ®Li— a4 d breakup.

have taken
2
ir/2
B(E2,e)= |———L=— | .B(E2, 4.1
(E2e)= e qirsz | BEDE) 4D
so that
B(E2,I,-——>If,res)=7r-£~B(EZ,SRS) . (4.2)

2

The corresponding quantity for the continuum is evalu-
ated by calculating ¢, and ¢, in the nuclear potential

r—1.779

Voa(r)= —85.54- 550

1+exp , (4.3)

which reproduces the binding energy of °Li and its rms
radius. The spin-orbit interaction has been neglected for
simplicity. This potential is similar to the a-d interaction
potential used by Robertson et al.!” for evaluating the S
factor for a-d fusion in good agreement with data. A
good agreement with breakup experimental results would
confirm our belief that such experiments can be used'® to
get reliable experimental information about reaction
cross sections of astrophysical interest. It should be
remarked here that the rapid increase of B(E2,e) from
zero as € increases comes from the small binding energy
of SLi. In addition, as the larger values of € are strongly
suppressed in these processes due to the condition of adi-
abaticity, this causes a large Coulomb dissociation. At
very high incident energies the condition of adiabaticity
is quite relaxed and B(E2,cont) defined by (2.18) be-
comes a measure of breakup via continuum.

The condition of adiabaticity referred to above can be
understood by inspecting Fig. 3 where the total
Coulomb-excitation function f2, is plotted as a function
of the breakup energy €. At low incident energies only
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FIG. 3. Coulomb-dissociation (-excitation) function with nu-
clear absorption for °Li+2%Pb system at 30, 60, 90, 120, and
150 MeV as a function of relative energy (¢) of the fragments.

the smaller values of the breakup energies € are impor-
tant whereas, with increasing incident energy, states with
larger values of € are equally well excited.

In Fig. 4 the energy-differential cross section (2.24) for
the Coulomb dissociation of ®Li is shown for various in-
cident energies. It is interesting to note that the relative

102

208pp (61, xd)2%®Pb

10°

10°

€ (MeV)

FIG. 4. Energy differential cross section for direct Coulomb
dissociation of °Li scattered off 2°Pb at 30, 60, 90, 120, and 150
MeV.
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energy spectra of direct Coulomb breakup show a broad
peak which tends to get asymmetric and broadened with
increasing incident energy. This peak misconstrued as a
“resonance” in Ref. 34 is just the result of the superposi-
tion of the energy dependence of the B(EL,e) values
(dominated by the Coulomb penetration) and of the
Coulomb-excitation function fJ,, which reflects the
equivalent photon spectrum inducing the breakup (see
Refs. 3 and 9). This feature is also seen in Fig. 5 where
the double-differential cross section for the 3* resonance
and for the continuum levels integrated up to e=5 MeV
are plotted when the center of mass of the fragments is
scattered from 2%°Pb to 6=3°.

In order to get a feeling of the range of the partial wave
contributing to the Coulomb dissociation of Li, at
different energies, in Fig. 6 we have plotted the partial
Coulomb-dissociation cross section (o;) as a function of
the incident angular momentum (/) for breakup via the
3% resonance at 30, 90, and 156 MeV [see Egs. (2.26) and
(2.29)]. The dashed curves give the variation of o; when
nuclear absorption is absent. The solid curves describe
the situation when the nuclear absorption is accounted
for [Eq. (2.26)]. We see that the Coulomb-dissociation
probability is a slowly varying function of the incident
angular momentum and that a very large number of par-
tial waves contribute to the Coulomb breakup of light
ions. This aspect enhances the value of the WKB ap-
proximation utilized in the present work for evaluation of
the radial matrix elements.

Figure 7 displays the differential cross section for the
Coulomb breakup of °Li scattered off 2°Pb at 156 MeV

50
40
L=2 Direct
= 307
=
G
~N
o .
€ *Li+ 2%%Pb
N E;. = 156MeV
slg x1/100 Li
© Pure Coulomb
o
i =3
10
0 T T m T T T T T T
0 02 04 06 08 10 12 14 16 18 20

€ (MeV)

FIG. 5. Double differential cross section for the Coulomb
dissociation of °Li at 6., =3° via resonant and continuum lev-
els.
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\

\
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£
b— 05H

oost E,; *156MeV
30MeV
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FIG. 6. Partial Coulomb-dissociation cross section via the
first 3* state of °Li colliding with 2%Pb at 30, 90, and 156 MeV

with ( ) and without ( — — — ) nuclear absorption.
200
do |
dQ%m
[57]]
st |
150 61, +208pp
. E., =156 MeV
1 } Coulomb break up
| ¢ Kiener et al[9]
1
100
501
] L=2,cont.0< € £0.7MeV
o T ¥ T T T T T
0 2 4 6 8 10 12 14

B¢.m.(deq)

FIG. 7. Predictions for the differential cross section for
Coulomb disintegration of °Li scattered off 2°Pb at 156 MeV via
3+, 2%, and 17 resonant states and via the continuum transi-
tions having L =2 and to excitation energies <0.7 MeV. The
experimental data are from Kiener et al. (Ref. 9) for breakup
via the 37 state.



via the 31, 27, and the 17 resonances and the L =2 con-
tinuum integrated below the 3* resonance. For 8 < 5° the
theoretical prediction is in quantitative agreement with
recent experimental results’ for the case of 3* resonance.
This is a strong experimental support of our conclusion
(see Sec. III) that elastic breakup processes observed at
very forward reaction angles and isolated by coincidence
measurements from nonelastic events originate from the
Coulomb breakup.

Figure 8 shows the energy dependence of the Coulomb
dissociation cross section for °Li scattered off 2%*Pb for
the cases considered in this work. The continuum break-
up cross sections are integrated over O to 15 MeV and
over the continuum energy states below the first reso-
nance. The two experimental data points for E; =23
MeV for the direct and the sequential breakup (via the 3%
state) are results from Scholz et al.'> The quantitative
agreement for the direct breakup without any adjustment
of parameters is especially noteworthy. The Coulomb
dissociation cross section increases with energy as long as
the nuclear absorption can be ignored, which affects more
and more partial waves at higher energies. This is evi-
dent at energies E{; > 60 MeV. For comparison Table III
gives the cross sections of various types of breakup pro-
cesses for the particular example of 156 MeV SLi ions in-
cident on ?®®Pb. The direct and the sequential Coulomb
breakup of °Li due to the Coulomb processes taken to-
gether prove to be about 20% of nuclear breakup. How-
ever the direct and the sequential breakup of °Li due to
the Coulomb field are of the same magnitude. At the
same time the Coulomb dissociation of °Li is not a large
part of the nuclear reaction cross section. This feature

500

Jas

J¢fd

A Qirect | 6 ;. 208
L Pb
100 ? Seguential J} Scholz et al. "

cont.,L=2 0<e<15MeV

0 (mb)

50 100 150 200 250
£, (MeV)

FIG. 8. Energy dependence of the Coulomb dissociation of
®Li scattered off 2®®Pb via the resonant and continuum states
having L =2. Nuclear breakup via absorptive stripping (o)
and free-dissociation (o) are also given.
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TABLE III. Cross sections for various breakup processes for
156 MeV °Li(—a+d) incident on 2%*Pb.

Process of breakup Model Cross section
Absorptive stripping Serber® 280 mb
Free-dissociation Glauber® 170 mb
Resonant Coulomb Present work
3+ 26 mb
2+ 19 mb
1 6 mb
Direct Coulomb Present work
L=2 0<e<0.7 MeV 2 mb

0<e<15 MeV 50 mb
Reaction cross section ~3b

#Reference 20.
"Reference 32.

appears to be different from the case of deuteron break-
up®® where the Coulomb dissociation cross section
represents a large fraction of the total breakup process as
well as of the total reaction cross section. A perturbative
approach like DWBA may be less justified in such a case.

Nevertheless, due to the relatively large B(E2) value
for the 3% resonance and the low dissociation threshold,
Coulomb excitation and breakup leads to an additional
absorption for elastic scattering of SLi projectiles, ac-
counted by a long-range imaginary potential. Neglecting
the adiabaticity corrections (see Ref. 35) it is given for
R > Rcut by

Im(U, ,L=2,1"—3*)

Q. (Zre)’ B(E2,1*—3%)
4E 2L +1 R+

(4.4)

At higher energies the condition for adiabaticity is
quite relaxed and the dynamic polarization potential aris-
ing from the Coulomb dissociation of °Li via L =2 states
would be obtained by replacing the B(E2) value above
by a sum of the corresponding values for the resonant
and the continuum states (see Table II).

V. CONCLUDING REMARKS

We have studied the features and the sensitivities of the
Coulomb dissociation cross section of °Li scattered off
298pY, at various energies via the resonant and the contin-
uum levels. The Coulomb dissociation probability is
found to be large over a large range of impact parameters
and it is not negligible even at the highest energy con-
sidered. Whereas the resonant breakup dominates at
lower incident energies, the direct breakup is of the same
order as the sequential breakup at higher energies. This
may lead to an absorptive dynamic polarization potential
varying as 1/R° contributing to the imaginary part of the
optical-model potential. We feel that the results obtained
in the present study are interesting as they can also relate
the breakup cross section with fusion cross sections of as-
trophysical interest.
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